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This  evaluation  '^s  conducted  in  coordination  with 
the  Tri  Service  Aircrew  Body  Armor  Working  f?roup. 

This  report  covers  tl;e  work  effort  acccmplished 
during  1975. 

The  USA  NARADCOM  Project  Officer,  Mr.  Thomas  11. 

Judge,  was  assisted  in  this  evaluation  at  US  Army 
Natick  Research  and  Development  Command  and  rt. 

Oevens  Air  Field  by  Capt.  Paul  Severance  who  served 
as  a test  subject  and  many  members  of  the  flight 
opei'ation  staff  and  maintenance  crews  at  Ft.  Devens 
Air  Field.  Mr.  Fred  Meers  of  USA  HARADCCM  photo- 
graphed all  the  scenes  for  still  and  motion  picture 
records. 

The  outstendin,:  efforts  of  the  above  personnel 
contributed  greutly  to  the  success  of  this  evaluation. 
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SUMMARY 


This  tvalustlon  rsv salad  ths  US  Air  Force  Survival/Armor  Vest  has  a number 
of  dsflcisnciss  that  could  be  identified  as  Human  Factor  problems,  contributing 
to  incompatibilities  between  the  pilot  and  his  effort  to  satisfactorily 
operate  the  OH-58  Helicopter.  The  material  used  in  the  survival  vest  design 
does  not  provide  for  sufficient  retention  on  the  pilot's  body  of  the  armor 
carrier  and  insert  during  flight.  The  length  of  the  armor  insert  and  its 
side  edges  limit  the  pilot's  ability  to  properly  operate  the  controls  of 
the  Oh-58  Helicopter. 

The  deficiencies dited  are  minor  design  oblems.  However,  they  do  restrict 
the  pilot's  motion  during  flight  and,  as  such,  were  listed  as  flight  safety 
hazards.  A modification  program,  such  as  a product  improvement  program, 
could  be  undertaken  to  modify  the  armor  insert,  armor  carrier,  and  the 
survival  vest  to  eliminate  these  problons.  A Human  Factors  study  would  be 
required  to  determine  the  dimensional  profile  of  the  armor  insert.  Modi- 
fication of  the  insert  would  then  be  required  to  meet  a new  profile  outline. 
Action  should  also  be  taken  to  redesign  the  armor  carrier  to  meet  the  new 
profile  outline  for  the  armor  insert.  This  action  would  provide  the  oppor- 
tunity to  review  and  apply  the  latest  state-o£.the**rt  in  ballistic  fabric 
materials. 

The  survival  vest  will  require  redesigning  to  include  weight  retention 
charactri'i sties  to  s\ipport  the  weight  of  the  armor  carrier  and  insei^t  in 
a position  on  tha  body  where  it  will  not  restrict  the  pilot's  movonents  nor 
create  physical  discomfort. 

A cemputer  evaluation  of  the  sizing  criteria  used  for  the  USAF  armor  insert 
four-size  system  was  conducted  and  indicated  the  criteria  of  using  Stature, 
Waist,  and  Chest  Circumference  had  a "No-Fit"  percentage  of  6it,71,  It 
was  discovered  that  by  using  Vertical  Truck  measurement  in  place  of  Stature, 
the  "No-Fit"  percentage  drops  to  22.23%  and  distributes  the  four  sizes  more 
evenly  over  the  population.  A Human  Factors  study  is  furthar  indicated 
to  evaluate  the  practical  application  of  this  change  among  USAF  personnel 
and  possible  monbers  of  the  US  Army  and  US  Navy  Aviation  Comnunitiee. 
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EVALUATION  OF  US  AIR  FORCE  SURVIVAL/ ARMOR  VEST 


IN  US  ARMY  OH-58  HELICOPTERS 


INTRODUCTION 

Th«  United  Statei  Air  Force  Survivel/Axmor  Veet  Concept,  figure  1,  which 
consiete  of  e veet  febriceted  of  ncmex  reeohel  knit,  end  beck  end  front 
enetomicel  eheped  oeretnic  ineerte  oonteined  in  cerriere  of  bellietic 
protective  fabric  end  felt,  wee  introduced  into  the  Development  Teat  II 
of  the  US  Army  Individual  Survival  V«et  for  Aircrewmembers  ae  an  intra- 
service standardisation  item  for  cemparison  review  in  US  Army  helicopters. 

The  US  Amy  Individual  Survival  Vest  for  Aircrewmambere,  figure  2,  is 
fabricated  of  ncmex  oxford  cloth.  It  has  pockets  to  contain  the  SRU-21/P 
Survival  Vest  component,  back  and  front  ceramic  armor  inserts  covered  with 
spall,  and  fragmentation  carriers  fabricated  from  ballistic  protective 
fabric  and  felt. 

Both  Survival/Amor  Vest  concepts  were  designed  to  provide  pockets  to 
contain  the  standard  survival  components  presently  used  in  the  Individual 
Survival  Vest  SRU-21/P  and  ceramic  armor  protitative  inserts 
to  protect  the  aircrewmember  from  30-caliber  armor  piercing  projectiles. 

The  US  Amy  Aviation  Test  Board  at  Ft.  Rucker,  AL.,  following  the  completion 
of  the  test  program,  published  a firal  report  Development  Test  II  (Service 
Phase)  of  the  Individual  Survival  Vest  for  Aircrewmembers,  citing  a number 
of  flight  safety  hazards  caused  by  the  US  Amy  Individual  Survival  Vest 
for  Aircrewmembers  and  further  stated  the  same  deficiences  were  found 
associated  with  the  USAF  Survival/Amor  Vest  Concept.^  The  development 
program  for  US  Amy  Individual  Survival  Vest  for  aircrewmembers  was  teminated 
following  the  Development  Test  II  Program. 

The  flight  safety  deficiences  cited  in  the  final  test  report  for  the  USAF 
Survival/Amor  Vest  concept  were  not  defined  in  detail  by  the  US  Amy 
Aviation  Test  Board.  Therefore,  under  the  Department  of  Defense  Tri-Service 
Agreement  on  Aircrew  Body  Armor, ^ the  US  Amy  Natick  Research  and  Development 
Command,  as  the  lead  laboratory  for  the  refinement,  design  engineering,  and 
development  of  aircrew  body  amor  for  interface  with  the  USAF  and  US  Navy 
embarked  on  an  evaluation  program  to  identify  these  deficiences  in  detail, 
using  the  USAF  Survival/Armor  Vest  in  the  OH-58  US  Amy  Helicopter.  This 
helicopter  was  idsntified  through  analysis  of  ths  final  test  report 
(see  ref.  1)  to  have  ths  greatest  number  of  problem  areas.  The  identification 
cf  these  deficiences  psmits  this  Conaand,  in  cooperation  with  the  USAF, 
the  opportunity  to  take  corrective  redesign  actions  to  eliminate  the 
flight  safety  hazards  cited  by  the  US  Amy  Aviation  Test  Board  against 
the  present  design. 


^Devslopment  Tsst  II  (Ssrvlcs  Phase)  of  Individual  Survival  Vest  for 
Airerswasmbers  Oct  1974,  Captain  Lsslie  C.  Hii^s,  Project  Officer 
USAAVTED,  AL. 

?4olnt  Agresmtnt  on  Coneolldation  of  functions  and  Facilities  Aircrew 
Body  Amor  290larl972 
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to  achiavt  tha  objectives  of  this  evaluation,  four  studies  I’sre  undertaken 
to  define  and  identify  the  pilot's  areas  and  actions  that  lead  to  the  safety 
of  flight  citations  by  the  US  Army  Aviation  Test  Board.  These  studies 
include t 

(1)  Static  Ground  Evaluation  where  the  pilot  was  observed  by  the 
evaluator  following  through  flight  envelope  motions  while  stationary  on 
the  ground. 

(2)  night  Vibration  Study  whei'e  the  retention  of  the  armor  insert  was 
evaluated  during  the  actual  flight  conditions. 

(3)  Body  Load  and  Pressure  Evaluation  to  study  the  unseen  loads  and 
pressure  exerted  of  the  pilot's  body  by  the  survival /armor  vest  and  the 
aircraft  shoulder /lap  belt  restraint  system. 

(4)  A sizing  study  was  conducted  to  develop  criteria  that  could  be 
used  to  expand  the  range  of  body  sizes  a vest  would  fit  and  reduce  the 
number  of  no-fits. 
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DISCUSSION  or  TESTS  PERFORMED 


1.  STATIC  GROUND  EVALUATION 

A.  OBJECTIVE t 

To  identify  those  ereet  contributing  to  the  incompetibilities  of  the  USAF 
SurriveX/ Armor  Vest  with  the  pilot  of  an  OH-58  Kelieopter  during  his  flight 
perfoitnance  envelope. 

B.  METHOD  OF  EVALUATION: 

Tne  Survival/Armor  Vest  was  worn  by  the  pilot.  The  pilot  that  was  chosen 
for  these  evaluations  was  selected  at  randan.  His  body  measurements  ere: 
StatiuT'e  62  in.  (147.06  cm),  chest  circumference  44  in.  (111.76  cm),  and 
waist  circumference  37  in.  (93.98  cm).  A large-regular  size  vest  was  issued 
to  him  for  these  evaluati''ns.  Only  one  pilot  was  chosen  for  this  detailed 
follow-through  on  all  evaluations  of  this  OK-58  Helicopter.  The  pilot  was 
observed  by  the  evaluator  and  provided  subjactiva  raports  that  togathar 
farmed  the  reeulte  of  this  evaluatittn*  The  front  door  of  the  OH-56  Heli- 
copter wes  removed  to  facilitate  photographing  tha  pilot’s  actions. 

The  pilot  went  through  the  following  flight  motions. 

Releasing  cyclic  friction. 

Reaching  starter  switch  with  right  hand. 

Reaching  radio  controls. 

Adjusting  restraint  syatam. 

Bringing  cyclic  to  ths  rear. 

Retrieving  check  liat  from  floor, 

Egressirg  from  helicopter. 

C.  EQUIPMENT; 

nh-58  helicopter  Serial  Number  20632 
USAF  Survival  Vest  Concept 
US  Army  Flight  Suit 
16-mm  Motion  Picture  Camera 

D.  EVALUATION  RESULTS; 

In  releasing  ths  cyclic  friction,  figuras  3(4,  tha  left  top  edge  of  the 
armor  insert  and  carriar  hit  the  pilot*e  chin.  In  bending  forvsird  and 
twisting  to  the  right,  the  left  bottom  edge  of  the  armor  insert  and  carrier 
pressed  into  the  waist  area  end  the  survival  first  aid  kit  pressed  into 
the  left  leg.  As  the  pilot  reeched  for  the  starter  switch  and  xsidio  controls, 
figure  5,  the  armor  insert  end  carrier  restricted  the  right  arm  movement, 
rode  up  outside  the  chin;  the  shoulder  hernese  then  pressed  into  the  neck, 
and  the  lap  bait  pretaad  the  armor  into  the  legs. 
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When  the  cyclic  control  was  brought  fully  to  the  rear,  the  sur>?ival  com- 
ponent, along  with  the  right  side  edge  of  the  armor  insert,  forced  the 
right  arm  of  the  pilot  outside  the  helicopter.  During  flight  operations, 
the  door  is  closed  and  the  pilot  is  forced  to  use  a wrist  action  or  a 
twisting  of  the  body  to  move  the  arm  to  go  between  the  armor  panel  on  the 
seat  and  hie  body. 

The  helicopter  check  list  was  on  the  floor  of  thi;  fuselage  and  the  pilot 
found  it  difficult  to  retrieve  it.  This  check  list  is  used  for  preflight 
check  end  landing  check  of  instruments  and  controls.  Thwss  problems  were 
similar  to  those  identified  when  he  adjusted  the  Cyclic  eviction  in  figure  3. 

When  egressing  from  the  helicopter  the  pilot  found  himself  restricted  in 
the  neck  area  and  on  the  left  leg,  figure  6.  The  annor  insert  and  carrier 
bottom  edge  dug  into  the  left  leg,  figure  7,  and  restricted  the  leg  from 
further  movement  in  egress.  The  upward  movement  of  the  armor  plate  from 
the  leg  binds  the  chin  when  the  head  is  bent  forward  to  clear  the  top  edge 
of  rhe  door  exit,  figure  8. 

E.  CONCLUSION; 

The  USAF  Survival/Armor  Vest  with  the  armc**  insert  will  require  redesign 
action  to  elimimta  the  binding  caused  by  the  amor  insert  on  the  arms, 
legs,  and  under  the  chin. 

The  aircraft  cockpit  design  is  limited.  Its  development  did  not  consider 
the  military  pilot,  his  combat  life  support  equipuant,  and  the  requiranents 
of  a military  flight  mission  when  designing  the  seats  and  pilot  co-pilot 
mission  envelopes. 
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2. 


FLIGHT  VIBRATION  EVALUATION 


A.  OBJECTIVEt 

To  dtttrmin*  if  th«  v«at  matar/Al  and  th«  dtsign  uaad  In  tha  fabrication 
of  the  veat  can  retain  the  annor  carrier  and  inaert  in  a aafa  pcaition  on 
tha  bodiaa  of  the  pilot  and  co»pilot  durim  helicopter  flight.  A aafe 
poaition  ia  conaidwed  to  be  one  that  doea  not  reatrict  pilot  or  co-pilot 
motion  or  cauae  diaconfort  to  the  pilot  or  co-pilot  during  the  flignt  oper- 
ational envelope. 

B.  METHOD: 

The  Survival/ Armor  Veat  was  worn  by  the  ssas  pilot  used  in  the  atatic  ground 
evaluatio-i.  The  co-pilot  flew  the  helicopter  t’ue  to  the  flight  srfaty 
hazards  cited  by  the  USA  Aviation  Teat  Board.  (The  pilot  followed  through 
on  the  ccntrola.)  The  equipment  waa  flown  in  the  Oh-SB.  ;ince  this  heli- 
copter wao  identified  as  hairing  the  worst  tinnen  factci'  uoiiditione  cited 
in  ^he  US  Army  Aviation  Test  Board  Report  (sea  page  2 ) that  contributed 
to  fi.'ght  safety  hazards.  The  flight  waa  a round  robin  type  with  nozmal 
routine  flight  procedures. 

The  vest  waa  worn  ona  inch  >ff  tha  lag*  of  t.hc  pilot  with  tha  top  adga 
of  tha  carrier  lined  up  /ftp  the  upper  edge  or  the  breaat  bone.  This  position 
waa  chacka  for  svemant  every  ten  minutes  during  flight.  Due  to  tha  lack 
of  control  over  tha  plats  <t>sv«aantt  flight  was  tarminatad  after  two  hours. 

C.  TEST  RESULTS: 

The  armor  insert  and  carrier  dropped  an  average  of  3/8  in.  to  S/8  in, 
every  five  minutes.  At  the  end  of  ten  minutes,  the  azrior  insert  and  earrier 
were  resting  on  the  legs  with  no  where  else  to  go.  Every  ten  minutes,  the 
armor  insert  and  carrier  were  returned  to  the  initia'i.  position  and  the 
pilot  readjusted  the  shoulder  harness  end  lap  belt  in  an  attmapt  to  control 
the  armor  insert.  The  vast  material  and  design  did  not  provida  adequate 
retention  claractaristics  to  kaap  tha  armor  ineert  and  carri«r>  off  tha 
pilot's  legs. 

D.  CONCLUSIOH; 

The  USAF  Survive  1/Ariaor  Veat  requires  radaalgning  of  the  vast  to  nrovida 
built-in  support  and  retantion  for  tha  armor  insert  to  keep  it  up  off  the 
legs  during  flight  operations. 
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3. 


BODY  LOAD  AND  PRESSUPE  EVALUATIOH 


A.  OBJECTIVE; 

To  determine  if  the  vest,  armor  insert,  and  carrier,  when  worn  as  a 
complete  ass«tibly,  contribute  to  unseen  load  and  pressure  on  the  body  of 
the  pilot  as  he  follows  through  on  his  flight  envelope  motion. 

B.  EQUIPMENT; 

Oh-58  Helicopter  at  Ft.  Devens,  MA. 

US.AF  Survival/Armor  Vest 

US  Army  Flight  Suit 

US  Army  NDC  Load  Profile  Analyzer 

16-mm  Camera  and  Miscellaneous  Equipment  for  recording  evaluation. 

EQUIPMENT  NOTE; 

The  Load  Profile  Analyzer,  figure  9,  consists  of  four  basic  units: 

Load  Sensing  garraeni;  fx>ont  and  rear  display  consoles  representing  the 

upper  torso,  power  supply,  and  remote  control  unit. 

The  load  sensing  garment  is  a front  closure  vest  containing  248  pressure 
sensors.  The  sensors,  figure  10,  are  arranged  in  a matrix  similar  to  the 
dir play  console  and  mounted  on  vertical  strips  of  mylar  tape.  The  tape 
is  configures  to  follow  the  lines  of  the  torso.  Each  tape  is  connected 
to  the  bottom  to  a wiring  harness.  The  harness  transmits  the  signal 
to  the  display  units  by  means  of  an  umbilical  line. 

Each  pressure  sensor  on  the  garment  is  represented  on  the  torso  model  by 
a tri-colored  lamp  which  is  energized  by  the  sensor  output.  The  yellow 
filament  is  energized  to  indicate  that  o*5  lb  of  pressure  is  being  placed 
on  the  sens-or;  the  green  filament  indicates  1.0  lb  and  the  red  is  1.5  lb 
or  more.  The  displays  can  be  held  in  four  action  modes;  accumulate,  continuous, 
hold,  and  clear.  In  this  evaluation  the  continuous  mode  vas  uSed  to  show 
continuity  of  a pilot’s  actions  and  their  results  on  the  display  consoles. 

A 16-mm  Motion  Picture  Camera  recorded  the  evaluation  at  24  FPS.  The 
results  of  this  evaluation  were  arrived  at  through  the  use  of  a 16-mm 
Motion  Picture  Projector  Analyzer  and  the  stop  action  on  the  projector. 

C.  METHOD; 

The  sensor  vest  was  worn  under  the  USAF  Survival/Axmor  Vest,  the  pilot 
then  entered  the  helicopter  in  the  pilot  position.  The  umbilical  line 
was  connected  between  the  sensor  vest  and  the  display  console.  The  pilot 
proceeded  to  follow  the  same  flight  envelope  motions  that  were  used  during  the 
Statis  Ground  Evaluation.  The  pressure  of  the  body  load  was  tranonitted 
to  the  display  console.  This  information  was  recoznied  by  16-iam  color  film 
for  future  use  by  an  analyzer  projector. 
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D,  TEST  RESULTS; 


Pr«88urt  loads  dovalopad  in  tha  right  chast  araa  whan  tha  pilot  bant  ovar 
to  ralaasa  tha  cyclic  friction,  figura  11,  or  raachad  ovar  with  his  right 
hand  to  activata  tha  startar  switch  and  radio  controls. 

Riijlit  Chast  prassura,  figura.  12,  was  caaaad  by  the  shoulder  harness  which 
pressed  down  on  tha  shoulder  and  the  armor  insert  which  pressed  in  on  tha 
body.  As  tha  pilot  continued  to  band  forward,  tha  lap  bait  buckle  caused 
pressure  on  the  waist  ar''  forced  tha  armor  inssott  end  carrier  into  tha 
lower  abdomen. 

In  retriavi:;g  tha  helicopter  flight  cheek  list  froiii  the  floor,  prsssi’.re 
was  exerted  on  the  abdomen.  The  tep  right  edge  of  the  azmor  insert  was 
farced  into  tha  body  ij  tha  right  shoulder  harness,  figura  13. 

Exiting  tha  halieeptar  caused  praasura  on  tha  canter  chest  and  just  below 
the  center  of  tha  rib  cage,  as  shown  in  figure  4.  Tha  armor  insert  also 
exartcid  pressure  In  tha  waist  as  tha  pilot  lifted  his  body  to  axit  tha 
helicopter, 

E.  CONCLUSIOM; 


This  evaluation  details  tha  loads  on  tha  body  and  affirms  the  problem  areas 
found  in  tha  static  ground  evaluation.  It  also  points  to  tha  sensitivity 
of  the  sensor  vast  and  its  possible  value  in  substantiating  a given  problem 
cn  tha  body  of  an  individual  when  wearing  clothing  and/or  other  equipment. 

NOTE; 

All  test  results  are  based  on  tha  number  and  location  of  1-1/2-lb  pressure 
loads  imposed  on  tha  body  as  displayed  on  the  console  unit.  Only  the 
prassura  loads  on  the  front  console  unit  were  recorded  for  this  evaluation. 
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SIZING  CRITERIA  EVALUATION 


A.  INTRODUCTION » 


During  th«  t«st  program  for  tha  Individual  Survival  Vast  for  Alrcravnianbars 
at  the  USA  Aviation  Taet  Board,  taat  aubjacta  comnlalnad  of  poor  fitting  of 
both  tha  USAF  Survlval/Armor  Vast  and  tha  lib  Army  Survive  1/Armor  Vast  and 
armor  insert.  Taat  Pro j act  Offlcere  also  fait  that  thara  mss  not  enough 
flexibility  in  tha  present  alxlng  criteria  of  both  vast  aystamc  to 
adequately  fit  the  alrorevAan  population*  A study  ws  initiated  to  evaluata 
tha  sising  criteria  for  the  USAf  and  the  US  Armor  insert  at  USA  Natick 
Raaearch  and  Development  Command,  sinoa  these  itmns  could  be  evaluated  to« 
gather,  in  order,  uaing  the  same  evaluation  fuidelines*  Primary  attention 
was  placed  on  tha  annor  insert-Hi  non*flSKible  oaramic  armcr  plate 
requiring  a flexible  sixing  criterion,  to  enable  these  itsns  to  be  used 
by  a larger  number  of  tha  aviation  population. 

B.  OBJECTIVE! 

To  explore  tha  possibility  of  expanding  the  present  sizing  critmria  to 
cover  a larger  number  of  people  in  the  aviation  community. 

C.  EVALUATION  METHODS  AND  RESULTS: 

Bivariate  charts  will  be  used  to  illustrate  and  evolve  the  iizing  systems. 

A bivariate  chart  is  a cross  tabulation  of  two  variables  presented  in  a 
table  format.  The  first  variable  is  along  the  T axis  and  the  second  along 
the  X axis.  The  sizing  relationship  of  the  two^variables  can  then  be 
blocked  out  on  the  charts. 


Data  from  the  1966  US  Army  Anthropometric  Survey  and  the  1970  US  Amy 
Aviators  Anthropometry  Survey  ware  used  to  comelate  fitting  criteria. 

The  sample  size  of  the  anthropometric  data  base  consisted  of  seventy  body 
dimensions  measured  on  6682  individuals.  The  data  were  maintAlned  in  mass 
storage  file  on  the  Command's  Univac  1106  computer  facility.  Software 
was  developed  to  produce  bivariate  distributions  of  all  relevant  body 
dimensions.  A data  management  file  ««s  constructed  to  test  various  sizing 
plans  and  optimize  the  fit. 

The  current  sizing  criteria  for  the  two  systems  are  based  upon  stature, 
cnest  circumference,  and  waist  circumference  (see  Table  1}*  The  bivariate 
representations  of  these  systems  are  shown  in  Appendix  A.  An  objective  of 
the  sizing  system  is  to  provide  casfort  and  fit  as  well  as  proportionate  area 
coverage  for  the  individuals  within  a size  range.  The  fit  of  the  axaior  is 
I^'imarily  related  to  torso  dimensions,  and  these  dimensions  should  be  the 
prime  elements  in  obtaining  the  beat  fit.  Correlation  coefficients  from 

^The  Body  Sise  of  Soldiers  US  Army  Anthropometric  1966,  TR»72-$1-CE, 

While  R.M.,  NARADCOM,  E*  Churchill,  Anthropology  Research  Project,  Yellow 
Springs,  OHIO,  Dec.  1971. 

‘^Anthropometry  of  US  Axmy  Aviators  1970,  Dee  1971,  TR-73-S2-CE,  E,  Churchill 
J.T.  HcConvilie,  L.L.  Leubeck,  Anthropology  Reeeeroh  Project,  Yellov  Springe 
Ohio  end  R.M.  White  US  Axmy  NARADCON.^^tiok,  HA 


the  1970  US  Army  Aviators  Anthropometric  Survey  show  that  the  correlations 
between  stature  and  waist  back  and  front  length  are  poor,  -fO.SSO  and  tO.427, 
respectively.  These  low  correlations  indicate  that  a more  optimum  sizing 
system  could  evolve  through  the  use  of  a variable  which  correlates  better 
with  the  torso  dimensions.  Such  a variable  is  the  standing  vertical 
truck  circumference  which  is  measured  by  a steal  tape  passing  through  the 
crotch  and  over  the  midpoints  of  the  right  buttock  and  right  shoulder.  The 
correlations  between  standing  vertical  trunk  circumference  and  waist  back 
and  front  length  are  t0.630  and  -f 0.7 00,  respectively. 

The  actual  surface  dimensions  of  the  front  and  back  plates  of  the  three- 
size  body  armor  are  shown  in  Table  2.  These  dimensions  can  be  used  as 
minimal  fitting  guidelines  for  a sizing  system.  Bivariate  charts  which 
relate  these  dimensions  in  terms  of  the  waist  back  length,  interscye 
breadth,  and  chest  breadth  are  in  Appendix  B.  The  dimension  which  has 
the  best  correlation  with  waist  back  and  front  length  is  tne  vertical 
truck  circumference.  Divariate  representations  of  a three-size  system 
utilizing  vertical  trunk,  waist,  and  chest  circumferences  are  shown  in 
Appendix  C.  The  sizing  criteria  using  this  system  is  shown  in  Table  3. 

Table  4 illustrates  the  fit  statistics  of  both  three-size  systams.  The 
vertical  trunk  sizing  system  as  evidenced  by  Table  4,  clearly  Involves 
a larger  percentage  of  the  population  within  the  fitting  scheme. 

The  same  logic  can  be  applied  to  the  four-size  aircrew  armor  system.  The 
actual  surface  dimensions  of  the  front  and  back  plates  of  the  four-size 
system  are  shown  in  Table  5.  The  four-size  system  is  different  from  the 
three-size  in  that  the  difference  between  the  regular  and  the  long  size  is 
in  the  plate  length.  This  arrangement  allows  for  a blocking  type  of  sizing 
system  which  does  not  overlap.  Bivariate  representations  of  the  current  and 
proposed  sizing  systems  are  shown  in  Appendix  D and  1.  Table  6 shows  a 
comparison  of  the  fit  statistics  for  both  four-siza  systmns.  This  table 
illustrates  the  large  involvement  of  Individuals  within  the  fitting  sohone 
when  ti^e  vertical  trunk  circumfo'ence  is  used  as  a criterion.  Table  7 
represents  the  four-size  system  incorporating  the  standing  vertical  trunk 
circumference. 

D.  CONCLUSION; 

It  is  evident  that  using  the  vertical  trunk  circumference  as  a sizing 
variable  will  result  in  a large  involvement  of  individuals  in  the  fitting 
scheme. 
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TABLE  1 


Curra.r  Criteria  for  Air  Crew  Armor  Insert 


Spall 

Stettire 

Chest  Circumference 
Waist  Circumference 


US  Army  Three-Size  System 


thru  67»0  in. 
thru  37«5  in* 
thru  32.0  in. 


Stature 

Chest  Circiimference 
Waist  Circumference 


67.0  in.  thni  70.5  in. 

37,5  in.  thru  41.5  in. 

32.0  in.  thini  40.0  in. 


Stature 

Qiest  Circumference 
Waist  Circumference 


greater  than  70.5  in. 
greater  than  41.5  in. 
greater  than  3^.0  in. 


! 


Medium  Regular 
Stature 

Chest  Circumference 
Waist  Circim-ference 

Medium  Long 
Stature 

Chest  Circumference 
Waist  Circumference 

Large  Regul^ 

Stature 

Chest  Circumference 
Waist  Circumference 


USAF  Tour -Size  System 

63.0  in.  thru  67.0  in. 

29.5  in.  thru  37.0  in. 

28.0  in,  thru  32,0  in, 

67.0  in,  thini  73.0  in, 

37.0  in,  thru  43.5  in. 

32.0  in,  thru  40,0  in, 

55.5  in.  thru  72,0  in, 

35.5  in.  thru  42,0  in, 

36.5  in,  thru  38.5  in. 


I 


Large  Long 
Stature  / 

Chest  Circimference 
Waist  Cirevinference 


70.5  in,  thru  75*0  in, 

40.5  in.  thru  45*5  in. 

36.5  in,  thru  43.0  in. 
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TABLE  2 


Surface  Dimension  of  Front  and  Back  Plate 
US  Attny  Aircrewman  Body  Armor 


I'lmenaicns  in  Inches 


Three  -Size  System 


1 

1 

1 Waist 
Back 
Length 

Waist 

Front 

Length 

Chest 

Breadth 

Inters eye 
Breadth 

Waist 

Circumference 

Chest 

Circumi'eroM.i^ 

Long 

18.6 

16.10 

11.17 

14.25 

35.8 

25.4 

Regiilar 

16.6 

15.x 

9.62 

13.x 

31.2 

22.6 

Short 

14.7 

13.85 

9.62 

11.25 

28.7 

20.9 

TABLE  3 


Proposed  Sizing  System  for  Air  Crew  Armor 
Statistics  Based  or  1966  US  Anc^  Data 

Unit  of  Measure  is  Inches 
Three  Size  System 


Measure tetta MAatoUffi MflKtmm 

Vertical  Trunk 


Circumference 

64.6 

3.3 

53.3 

78.2 

Chest  Circumference 

36.9 

2.62 

28.35 

48.89 

Waist  Circumference 

31.6 

3.24 

23.14 

50.27 

Sizing  Criteria 


Small 

Vertical  Ti’unk  Circumference 

LE 

64.0  in. 

Chest  Circumference 

LE 

37.5  in. 

Waist  Circumference 

LE 

3C.0  in. 

Reguleir 

64.0  in.  .LT.  Vertical  Trunk  Circumference 

Li 

68.0  in. 

35.5  in.  .LT.  Chest  Circumference 

LE 

41.5  in. 

30.0  in.  .LT.  Waist  Circumference 

IE 

36. 0 in. 

Long 

Vertical  Trunk  Circumference 

GT 

68.0  in. 

Chest  Circumference 

GT 

39.5  in. 

Waist  Circtamference 

GT 

36.0  in. 

TABLE  4 


Air  Crew  Armor  Fit  Statistics 


Total  In  SviTvey 
Fit  Using  StaturSf 

6681 

lialst  St  Chest  Circumference 

No*  Short 

1081 

16*18  ^ 

No*  Regular 

56a 

8.A4 

No*  Long 

63 

.94  i 

No*  No  Fits 

h<m 

74.43  i 

Fit  Using  Vertical  Trunk|  Waist  lb  Chest  Circumferen.ee 

No*  Short 

1580 

23*65 

No*  Regular 

1621 

24*26 

No*  Long 

359 

5.37  i 

No*  No  Fits 

3121 

46.71 

I 

i 

II 

ll 

li 

' 
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TABLE  5 


Dinraiiont  of  Four>Sls«  U8AF  Air  Crow  Axncnr  Platts* 

Front  Plato  Bask  Plates 


Wiiflt 

Front 

Gheet 

Breadth 

Malat 

Breadth 

Waist 

Bade 

Cheat  Waist 

_Breid^ Brs»>ndth 

Medium  Ragular 

13  1/16 

e 5/a 

12  3/4 

15  3/a 

9 V* 

12  1/2 

Medium  Long 

34  9/16 

a 5/a 

12  3/4 

16  3/a 

9 5/8 

12  1/2 

Large  Regular 

H*  1/16 

10  1/16 

15  1/2 

15  1/2 

10  7/16 

14  7/8 

Large  Long 

9/16 

9 15/16 

15  1/2 

17 

10  1/a 

14  3/4 

* All  dlmonalono  ± l/B  inch 


TABLE  6 


Air  Crew  Armor  Fit  Statistics 
Four  Si‘^3  System 
Total  lr\  S'lrvey  6681 

Fit  Using  3t<tturey  Waist  J*.  Chest  Circumferences 

Medium  Regular  6%  10«39  ^ 

Medium  Long  1370  20,51  % 

Large  EegiOar  176  2,63  % 

Large  Long  118  1,77  ^ 

No  Fits  4323  64.71  % 

Fit  Using  Vertical  Trunk,  Waist  * Chest  Circumferences 

Medium  Regular  2234  33.44  % 

Medium  Long  1228  It  .3  % 

Large  Regular  610  9*13  ^ 

Lari;s  Long  1124  16,82  ^ 

Mo  7i^s  1485  22,23  i 
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TABLE  7 


Propossd  USAF  Aircrew  Armor 

Chest  Circumference 
Waist  Circumference 
Vertical  Trunk  Circumference 

Medium  Long 

Chest  Clrcuiiiference 
Waist  Circumference 
Vertical  Trunk  Circumference 

Large  Regular 

Qiest  Circumference 
Waist  Clreumference 
Vertical  Trunk  Circumference 
Large  Long 

Chest  Circumference 
Waist  Clrciinference 
Vertical  Trunk  Circumference 


Insert  Four  Size  System 

31  inches  thru  37»*>  inches 
26  inches  thru  32  inches 
57  inches  thru  64  inches 

31  inches  thru  37»>  inches 
26  inches  thru  32  inches 
64  inches  thru  68  inches 

37*5  Inches  thru  42*5  Inches 
32*0  Inches  thru  40»0  inches 
59*0  Inches  thru  66,0  inches 

37*5  ^ches  thru  44*5  Inches 

32  Inches  thru  41  Inches 
66  inches  thru  74  inches 
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CONSOLIDATED  RECOMMENDATIONS 


1.  STATIC  GROUND  EVALUATION  AND  BODY  LOAD  AND  PRESSURE  EVALUATION;  A 

dimanalonai  prolil*  stuciy  slyjuid  conducted  to  datcniin*  haight, 

length,  and  width  measurementa  that  would  eliminate  the  binding  on  the 
pilot's  body. 

Modify  the  armor  carrier  to  meet  those  dimensional  racommednations  developed 
during  the  proposal  profile  study. 

2.  FLIGHT  VIBRATION  EVALUATION!  Redesign  the  vest  as  follows:  study  the 

replacement  of  tke  raschel  ]cnit  nomex  material  as  a basic  support  material; 
build  in  a harness  under  the  basic  vest  material  to  add  strength  to  support 
tne  weight  of  the  armor  carrier  and  insert  to  restrain  its  movement. 

Improve  the  design  by  using  lighter  weight  materials  for  armor  carrier 
construction. 

Warnings  should  be  issued  to  all  pilots  not  to  use  the  survival  components 
pockets  under  the  right  arm  when  flyirig  the  OH-58  type  helicopter. 

3.  SIZING  EVALUATION;  Conduct  a human  factors  evaluation  to  determine  if 

the  proposed  computer  sizing  criteria  can  be  utilized  as  a practical  substitution 
for  the  present  sizing  criteria  now  used  by  the  USAF  Survival /Armor  Vest, 
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Appendix  A 

Uivariate  Representations  of  Current  Tdzinp,  Systems 
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1966  - ARHY  AKTHPOPOLOGY  SURVEY 


1966  - U.  AP»«Y  AKTHItOPO^CTFY  SOWET 
ST/.TURr  (IN)  VS  WAIST  CX'ICUKrEPEMCE  (HI) 
CU'PENT  TIPEt-SIZE  SYSTEM 


3J 


«.!)e 


1966  - u.  s.  a: 
HAIST  CIRCOSrtXEMCE  ( 
CimREKT 


i^bfc  - U.  S.  ARKY  AKThFOPOt'ETRY  SURVEY 
CHEST  CIRCUPELREJICE  VS  HAIST  CIRCUSFEREJICE 
CURREMT  rOUR-SIZE  SYSTEM 


100.0 


Appendix  B 

Bivariates  of  Torso  Dimensions  as  Related  to  Fit 
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Appendix  C 

Bivarlates  of  Proposed  Fitting  Criteria  For 
Three -Size  System 
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Appendix  D 

Bivariates  of  Proposed  Fitting  Criteria  For 
Four  Size  System 
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